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A B S T R A C T
Measurement of inhibition zones by the automated OSIRIS system was compared with manual
measurement. In total, 14 176 measurements were made with 352 staphylococcal and 80 Enterobacte-
riaceae isolates, involving four panels of antibiotics on round and square Mueller–Hinton agar plates,
according to the German DIN 58940 recommendations. Variations of ± 3 mm in zone size measurements
were defined as tolerable. Very major errors (i.e., classification of a resistant isolate as susceptible by the
OSIRIS system) occurred in < 1% of tests. With staphylococci, the best concordance was recorded for
rifampicin (91.3%), moxifloxacin (88.1%), and gentamicin (86.3%), while the concordance on square
plates for vancomycin, pristinamycin and kanamycin was 97.2%, 96.1% and 96.0%, respectively. The
poorest concordance was for cefuroxime (43.7%) and novobiocin (47.0%) on round plates, and
fosfomycin (36.5%) and chloramphenicol (84.0%) on square plates. With Enterobacteriaceae, 100%
concordance was recorded for ampicillin, gentamicin and ciprofloxacin on round agar plates, and for
gentamicin, cefoxitin and nalidixic acid on square plates. The poorest results were recorded for nalidixic
acid (32.5%) and piperacillin (82.5%) on round plates, and for nitrofurantoin (72.5%) and amoxycillin
(82.5%) on square plates. It was concluded that the OSIRIS system was a rapid and reliable system for
measuring disk susceptibility test results on round and square agar plates.
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I N T R O D U C T I O N
Sanchez et al. [1] have reported an evaluation of
the OSIRIS video reader (Bio-Rad, Marne La
Coquotte, France), which is an automated meas-
urement system for use with the disk diffusion
technique, compared with manual reading.
Isolates were tested according to National Com-
mittee for Clinical Laboratory Standards guide-
lines. Essential agreement (£ 3 mm discrepancy
compared with manual reading) was found in
91.6% of routine laboratory isolates and in 94.8%
of isolates with well-characterised resistant mech-
anisms. In the present study, the OSIRIS reader
was evaluated over a 1-year period, in conjunc-
tion with the agar disk diffusion method recom-
mended for use in Germany, by comparing the
OSIRIS raw zone sizes (without user correction)
with the zone sizes read manually.
M A T E R I A L S A N D M E T H O D S
In Germany, the agar disk diffusion method recommended by
DIN 58940 is used in routine bacteriology laboratories [2–4].
According to this method, plates were flooded with an
inoculum designed to give semi-confluent growth, so that
individual colonies were just visible. All susceptibility tests
were performed on either 90-mm round Mueller–Hinton (MH)
agar plates (Oxoid, Wesel, Germany) or square 120-mm MH
plates (Bio-Rad), with incubation for 24 h at 37C. Variations in
zone size measurements of ± 3 mm between the automated
and manual readings were defined as tolerable [1]. Using the
recommended DIN breakpoints, a resistant strain (by manual
reading) classified as susceptible by the OSIRIS reader was
defined as a very major error (VME), while a susceptible
isolate classified as resistant by the OSIRIS reader was defined
as a major error. In total, 352 Staphylococcus spp. isolates (81
Staphylococcus aureus, 172 Staphylococcus epidermidis and 99
other coagulase-negative staphylococci) and 80 Enterobacteri-
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aceae isolates (58 Escherichia coli, two Enterobacter aerogenes,
four Klebsiella oxytoca, two Providencia spp., two Salmonella
spp., two Citrobacter spp., six Enterobacter cloacae and four
Klebsiella pneumoniae) were tested. These were well-character-
ised blood culture isolates from the routine laboratory. S.
aureus DSM 1103 (ATCC 25923) and E. coli DSM 1104 (ATCC
25922) were used as control strains.
R E S U L T S
Four panels of antibiotics were tested in 14 176
measurements. Table 1 shows the performance
of the OSIRIS reader on round MH plates with
352 staphylococcal isolates and 17 antibiotics.
There was an overall concordance between the
automated and manual measurements of 72.6%,
although concordance was markedly lower for
cefuroxime (43.7%) and novobiocin (47.0%). The
highest concordance was found with rifampicin
(91.3%) and moxifloxacin (88.1%). VMEs occurred
in < 1% of measurements, but with 13 (3.7%) VMEs
for oxacillin and ten (2.8%) VMEs for imipenem.
Generally, automated measurements gave slightly
greater inhibition zones.
On square MH plates, there was an average
concordance of 88.1% for staphylococci tested
against 16 antibiotics (Table 2). The poorest con-
cordance was recorded for fosfomycin (36.5%)
and chloramphenicol (84.0%), while the best was
for vancomycin (97.2%) and pristinamycin
(96.1%). VMEs occurred in < 1% of tests, but
with four (1.1%) VMEs for penicillin and three
(0.9%) VMEs for fosfomycin. There was a slight
tendency for greater inhibition zones in the
automated readings, as seen with the measure-
ments on round agar plates.
Seven antibiotics (ampicillin, cefuroxime, cefo-
taxime, ciprofloxacin, gentamicin, imipenem and
piperacillin + tazobactam) tested on round MH
plates had a concordance of 100% with 80
Enterobacteriaceae (Table 3). The poorest concor-
dance was for nalidixic acid (32.5%), as there was
a tendency for wider inhibition zones in automa-
ted readings. The average concordance for all 16
antibiotics tested was 91.9%. Two (2.5%) VMEs
were recorded for trimethoprim + sulphameth-
oxazole, presumably because microcolonies
occurred within the inhibition zone.
No VMEs were detected for Enterobacteriaceae
when using square plates (Table 4). The average
concordance was 92.8%, ranging from 72.5%
Table 1. Measurement of inhibition
zones of 352 staphylococcal isolates
with the OSIRIS system, in compar-
ison with manual reading, on round
Mueller–Hinton agar plates
Variation in measurement (mm)a
Variation
£ 3 mm VME ME‡ - 6 - 5 - 3 - 1 0 1 3 5 ‡ 6
Penicillin 28 6 51 55 119 14 30 14 35 76.4%
269
1.1%
4
1.1%
12
Cefuroxime 59 2 0 2 118 6 28 20 117 43.7%
154
0.9%
3
7.1%
25
Amoxycillin +
clavulanic acid
31 2 8 20 201 42 22 4 22 83.1%
293
0.3%
1
4.5%
16
Oxacillin 34 0 8 28 132 30 35 26 59 66.0%
233
3.7%
13
3.7%
13
Gentamicin 32 0 7 34 194 32 38 8 7 86.3%
305
0.3%
1
4.5%
16
Erythromycin 14 2 18 22 144 14 71 32 35 76.2%
269
0.9%
3
1.7
6
Lincomycin 36 0 8 10 158 26 55 20 39 72.8%
257
0.3%
1
3.4%
12
Fosfomycin 35 0 2 8 140 10 34 24 99 54.9%
194
0.6%
2
4.5%
16
Fusidic acid 39 2 2 4 182 20 29 36 38 67.2%
237
1.4%
5
5.4%
19
Imipenem 55 0 0 4 219 2 26 8 38 71.2%
251
2.8%
10
7.7%
27
Moxifloxacin 26 0 48 53 138 41 30 4 12 88.1%
310
0 3.41%
12
Levofloxacin 29 4 18 24 142 32 55 26 22 76.9%
271
0 3.1%
11
Vancomycin 32 6 59 95 87 18 8 2 45 75.9%
267
0 3.4%
12
Teicoplanin 22 2 85 75 89 16 2 2 59 75.8%
267
0 2.6%
9
Rifampicin 10 0 7 16 237 26 36 12 8 91.3%
322
0.6%
2
0.6%
2
Novobiocin 69 0 2 4 122 16 22 52 65 47.0%
166
0 9.9%
35
Trimethoprim +
sulphamethoxazole
28 2 16 34 158 34 47 12 22 82.1%
289
1.1%
4
1.4%
5
VRE, very major error; ME major error.
aNumbers in italics are the tolerable range (between )3 and 3) of the measurements.
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Table 2. Measurement of inhibition
zones of 352 staphylococcal isolates
with the OSIRIS system, in compar-
ison with manual reading, on square
Mueller–Hinton agar plates
Variation in measurement (mm)a
Variation
£ 3 mm VME ME‡ - 6 - 5 - 3 - 1 0 1 3 5 ‡ 6
Penicillin 6 4 106 42 126 6 24 12 26 86.3%
304
1.1%
4
0.3%
1
Gentamicin 16 0 30 26 214 14 36 8 8 90.9%
320
0 2.0%
7
Tobramycin 12 0 12 46 238 14 24 2 4 94.9%
334
0.3%
1
1.7%
6
Kanamycin 4 2 32 52 230 6 18 0 8 96.0%
338
0 0.3%
1
Pristinamycin 14 0 6 16 258 36 22 0 0 96.1%
338
0.3%
1
2.0%
7
Erythromycin 6 0 6 14 224 34 42 12 14 90.9%
320
0.3%
1
0.9%
3
Lincomycin 8 4 2 20 234 34 32 6 12 91.6%
322
0.3%
1
0.6%
2
Fosfomycin 12 4 2 2 110 2 12 38 170 36.5%
128
0.9%
3
1.1%
4
Fusidic acid 26 0 2 10 230 26 48 8 2 89.7%
316
0 2.6%
9
Ofloxacin 10 0 12 20 156 46 76 20 12 88.1%
310
0.6%
2
0.6%
2
Vancomycin 2 0 90 132 120 0 0 2 6 97.2%
342
0 0.3%
1
Teicoplanin 16 0 20 82 206 12 6 0 10 92.6%
326
0 2.3%
8
Rifampicin 4 0 6 10 278 20 18 6 10 94.3%
332
0.6%
2
0.3%
1
Tetracycline 20 0 8 16 210 40 42 14 2 89.9%
316
0 2.6%
9
Trimethoprim +
sulphamethoxazole
12 0 6 8 244 42 20 14 6 90.9%
320
0 1.7%
6
Chloramphenicol 24 4 0 6 168 36 86 22 6 84.0%
296
0.3%
1
3.4%
12
VRE, very major error; ME major error.
aNumbers in italics are the tolerable range (between )3 and 3) of the measurements.
Table 3. Measurement of inhibition
zones of 80 Enterobacteriaceae iso-
lates with the OSIRIS system, in
comparison with manual reading,
on round Mueller–Hinton agar
plates
Variation in measurement (mm)a
Variation
£ 3 mm VME ME‡ - 6 - 5 - 3 - 1 0 1 3 5 ‡ 6
Ampicillin 0 0 14 14 36 4 12 0 0 100%
80
0 0
Piperacillin 0 0 8 8 40 4 6 0 14 82.5%
66
0 0
Piperacillin +
tazobactam
0 0 8 6 50 14 2 0 0 100%
80
0 0
Cefuroxime 0 0 0 14 60 2 4 0 0 100%
80
0 0
Cefotaxime 0 0 0 4 76 0 0 0 0 100%
80
0 0
Gentamicin 0 0 24 8 44 4 0 0 0 100%
80
0 0
Amikacin 0 0 10 6 50 6 6 0 2 97.5%
78
0 0
Levofloxacin 6 0 2 2 68 0 2 0 0 92.5%
74
0 0
Ciprofloxacin 0 0 2 0 76 2 0 0 0 100%
80
0 0
Nalidixic acid 0 0 2 2 20 2 0 2 52 32.5%
26
0 0
Imipenem 0 0 0 2 64 10 4 0 0 100%
80
0 0
Meropenem 0 0 2 0 74 0 0 4 0 95%
76
0 0
Aztreonam 0 0 0 0 76 0 2 2 0 97.5%
78
0 0
Tetracycline 0 0 0 4 52 10 4 4 6 87.5%
70
0 0
Colistin 0 2 46 20 12 0 0 0 0 97.5%
78
0 0
Trimethoprim +
sulphamethoxazole
0 4 8 6 46 8 2 2 4 87.5%
70
2.5%
2
0
VRE, very major error; ME major error.
aNumbers in italics are the tolerable range (between )3 and 3) of the measurements.
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(nitrofurantoin) to 100% (amoxycillin + clavul-
anic acid, amikacin, cefoxitin, cefixime, ceftazi-
dime, gentamicin and tobramycin). No tendencies
for larger or smaller automated readings were
identified.
D I S C U S S I O N
Computer-assisted image-processing technology
has been applied increasingly to susceptibility-
testing devices based on both conventional disk
diffusion agar plates and microdilution panels.
The disk diffusion technique is simple, reliable
and the least costly susceptibility-testing method;
however, manual measurement of inhibition
zones is tedious and time-consuming. Automated
systems for zone size measurements, e.g., Aura
(Oxoid), BIOMIC (Giles Scientific, Santa Barbara,
CA, USA), Sirscan (Becton Dickinson, Heidelberg,
Germany) and OSIRIS (Bio-Rad), allow rapid
reading and interpretation [5–9].
In the present study, the OSIRIS video reader
tended to show inhibition zones slightly larger
than by manual measurement on both plates,
independent of the tested organism, contrary to a
previous study [1]. This difference may be related
to the different susceptibility guidelines used, i.e.,
non-confluent growth with the German DIN 58940
recommendations compared to confluent growth
with the National Committee for Clinical Labor-
atory Standards guidelines. The incubation period
and temperature were identical in both studies.
VMEs occurred with < 1% of readings in the
present study. Testing staphylococci on round
plates, most VMEs were found with oxacillin and
imipenem, reflecting the difficulty of visualising
the light growth which occurs with resistant
staphylococci, particularly around oxacillin disks.
On square plates, most VMEs were recorded with
fosfomycin and penicillin. While the VMEs with
fosfomycin reflected the difficulty in recognising
small colonies growing within inhibition zones,
there is no explanation for the problems which
occurred with oxacillin-resistant S. epidermidis and
penicillin. With Enterobacteriaceae, as in a previ-
ous study [10], only two VMEs were recorded on
round plates, with none on square plates.
No reason has been identified for the poorer
concordance observed with round MH plates. The
number of the disks in close proximity to each
Table 4. Measurement of inhibition
zones of 80 Enterobacteriaceae iso-
lates with the OSIRIS system, in
comparison with manual reading,
on square Mueller–Hinton agar
plates
Variation in measurement (mm)a
Variation
£ 3 mm VME ME‡ - 6 - 5 - 3 - 1 0 1 3 5 ‡ 6
Amoxycillin 0 0 6 10 42 4 4 2 12 82.5%
66
0 0
Amoxycillin +
clavulanic acid
0 0 26 16 36 2 0 0 0 100%
80
0 0
Ticarcillin 10 0 10 8 50 2 0 0 0 87.5%
70
0 0
Cefotaxime 4 0 2 0 74 0 0 0 0 95.0%
76
0 0
Cefoxitin 0 0 32 8 40 0 0 0 0 100%
80
0 0
Cephalothin 0 6 24 20 28 0 0 0 2 90.0%
72
0 0
Ceftazidime 0 0 0 10 68 0 2 0 0 100%
80
0 0
Cefixime 0 0 20 14 46 0 0 0 0 100%
80
0 0
Gentamicin 0 0 8 6 52 12 2 0 0 100%
80
0 0
Tobramycin 0 0 4 6 68 2 0 0 0 100%
80
0 0
Amikacin 0 0 4 8 66 2 0 0 0 100%
80
0 0
Nalidixic acid 2 8 28 8 34 0 0 0 0 87.5%
70
0 0
Norfloxacin 6 0 0 2 62 6 2 2 0 90.0%
72
0 0
Ciprofloxacin 6 0 0 4 64 4 0 2 0 90.0%
72
0 1.3%
1
Nitrofurantoin 12 6 20 8 24 2 4 0 4 72.5%
58
0 0
Trimethoprim +
sulphamethoxazole
0 0 4 2 62 2 2 2 6 90.0%
72
0 0
VRE, very major error; ME major error.
aNumbers in italics are the tolerable range (between )3 and 3) of the measurements.
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other seemed to have no influence on the result,
since round plates containing just three disks also
yielded poor results. In addition, the distances
between two disks on square and round plates
were identical (23–24 mm). Antagonism and syn-
ergism between antibiotic disks is a possibility,
but does not appear to provide a full explanation
for these results.
The time required to read the results for 16
antibiotics on square plates was < 3 s, and was
< 8 s for 18 antibiotics on the three round plates. In
addition to rapid reading, the system reviews each
result according to predefined algorithms, which
enhances quality control in the routine laboratory.
It was concluded that the OSIRIS system is a
useful and reliable tool for the measurement,
interpretation and documentation of zone sizes
in disk diffusion susceptibility testing, and that it
allows the recognition of changes in bacterial
susceptibility in a fast and easy-to-handle way.
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